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Background: Many studies demonstrate a high rate of treatment-related adverse outcomes or adverse events.
No studies have prospectively evaluated adverse events in patients discharged home from the emergency
department (ED).
Objective: To describe the types of adverse events in patients discharged home from an ED.
Patients: Patients who were sent home directly from the ED of an urban, academic teaching hospital in
Ottawa, Canada.
Methods: Patient records were reviewed to identify demographic and medical history information. Two weeks
following the ED visit, patients completed a standard telephone interview to record post ED visit outcomes.
Two physicians reviewed outcomes to identify all adverse events and their cause.
Results: Follow-up was complete for 399 of 408 enrolled patients. The median age was 49 years
(interquartile range 36–68) and 50% were male. The most common diagnosis was ‘‘chest pain’’, occurring in
74 patients (18%), followed by ‘‘bone and joint disorders’’ in 55 patients (14%). 24 patients experienced an
adverse event (incidence 6% (95% CI 4% to 9%)), of which 17 were preventable (incidence 4% (95% CI 3% to
7%)). Five of the unpreventable adverse events were medication side effects and two were minor, procedure-
related complications. Of all 24 adverse events, 15 (63%; 95% CI 43 to 79%) led to an additional ED visit or a
hospitalisation. Preventable adverse events occurred in 5 of 78 chest pain patients (incidence 6% (95% CI 3%
to 14%)).
Conclusion: Most adverse events occurring following an ED visit are preventable and often relate to
diagnostic or management errors.

P
atient safety is an important attribute of high quality
healthcare.1 Studies from several countries found a risk of
experiencing an ‘‘adverse event’’, defined as an injury due

to treatment, ranging between 2.5 and 11% of all hospitalisa-
tions. Approximately one half of adverse events are potentially
preventable.2–5 These data have prompted many efforts to
improve the safety of health care across a variety of settings,
including the emergency department (ED).6

Current efforts to improve safety in the ED are hampered by
there being few data describing adverse events attributable to
ED care. The Harvard Medical Practice Study investigators
found that only 2.9% of all adverse events occurring during a
hospitalisation took place in the ED.7 This study likely under-
estimates the risk in ED patients because adverse events were
identified by hospital record review.5

Patients discharged from the ED may be prone to adverse
events due to the nature of ED care. ED physicians usually do
not know the patients they are treating and they may lack
critical information.8 Furthermore, the ED is often over-
crowded9 and chaotic.10 Finally, ED patients often require
diagnostic and therapeutic interventions, which are inherently
risky.

Although no research has assessed adverse events following
an ED visit, two studies have measured the risk of adverse
events occurring after the discharge of hospitalised medical
patients.11 12 Although these patients are clearly very different
than those treated and discharged from the ED, the adverse
event risk in this group may be informative because they
endure a similar fragmentation of their health care.13 In such
patients, approximately 20% are expected to have an adverse
event within the first month of their discharge, and approxi-
mately one third of these are preventable.

We performed this prospective cohort study to describe the
types of adverse events in patients discharged from the ED. This
information will help determine strategies to improve safety in

the ED. We also wished to develop methods for measuring
adverse events in the ED and to obtain preliminary estimates of
their risk. These data will be useful to plan future large,
multicentre studies.

METHODS
Study setting and patient population
This study took place at the Civic Campus of the Ottawa
Hospital. The Ottawa Hospital is a teaching hospital with
emergency medicine training programmes and is the only
tertiary care hospital in Eastern Ontario, Canada. The Civic
Campus ED sees approximately 55 000 patients per year and is
a level-one trauma centre. Patients seen in the ED are usually
self-referred; however, they can also be sent by other
physicians. The Ottawa Hospital Research Ethics Board
approved this study.

Patients were eligible for the study if they were over 18 years
of age and were discharged home directly from the ED. We
excluded patients who did not have a home or who were
demented. We included patients presenting to our ED over a
10-week period in 2003. To recruit patients, one of the
investigators (NR) remained in the ED for 8–10-hour shifts,
Monday to Friday between the hours of 8:00 am and 6:00 pm.
He regularly asked the ED nurses to identify patients who
would likely be discharged home. If the treating ED physician
agreed that the patient was to be discharged home, patients
were approached for the study. Patients provided informed
consent.

Baseline data and post-discharge outcomes
The following information was abstracted from each patient’s
medical chart: demographic data; the Canadian Triage and
Acuity Score (CTAS); chronic illnesses; the ED physician’s

Abbreviation: CTAS, Canadian Triage and Acuity Score.

17

www.qshc.com



diagnosis; and consultations requested in the ED. The CTAS is
assigned by the triage nurse at the time of a patient’s ED
registration and is graded as: ‘‘non-urgent’’, ‘‘less urgent’’,
‘‘urgent’’, ‘‘emergent’’ or ‘‘resuscitation’’. The CTAS has been
validated as an indicator of patient acuity.14

Post-ED visit outcomes were measured by telephone inter-
views conducted approximately two weeks (median 15 days,
interquartile range 10–25 days) after discharge from the ED.
The phone interview was similar to those we have used in
similar studies.11 12 During the phone interview, we determined
whether patients had any new or worsening symptoms. If such
symptoms were present, their severity was graded by determin-
ing how they affected physical functioning and what the
patient did to resolve the symptom. We also recorded all
physician visits, return ED visits, and hospital readmissions. If
the patient experienced any of these events, we determined the
date, location and reason for the visit.

Medical records for return ED visits or readmissions were
retrieved and reviewed to determine the reason for the
encounter and its outcome. If ED visits or readmissions
occurred at other hospitals, we relied upon the patient’s
description of the outcome since the charts were unavailable.

Determining if an adverse event occurred
After discharge from the ED, patients had an adverse outcome if
they: experienced new or worsening symptoms; visited an ED;
were readmitted to hospital; or died. All adverse outcome were
systematically summarised by one of the authors (AJF) using
information from the chart review, the telephone interview,
and information from any post-discharge ED visit or re-
hospitalisation. This outcome summary included a detailed
description of the date of its onset, its severity, health services
used for its treatment and its resolution. When patients had
more than one adverse outcome, we prepared a summary for
each outcome.

Two specialist physicians (an internist and an emergency
physician) independently rated all outcome summaries to
determine if an adverse event occurred. To do this, the
physicians had the baseline patient data, the photocopied
record of treatment from the index visit, and the narrative
description of the outcome. We modified standard techniques
for adverse event determination from previous research.2–5 11 12

Reviewers first reviewed the case and rated the severity of the

patient’s outcome as ‘‘new or worsening symptoms’’, an ‘‘ED
visit’’, a ‘‘hospitalisation’’ or ‘‘death’’.

Next, the physician sequentially rated six separate state-
ments regarding possible causes for the outcome. Potential
causes included: ‘‘diagnostic errors’’, ‘‘management errors’’,
‘‘unsafe disposition decisions’’, ‘‘inadequate follow-up’’, ‘‘med-
ication side effects’’ and ‘‘procedural complications’’ (defined in
fig 1). The physicians rated their opinion as to whether the
outcome could be attributed to each cause. That is, they rated
whether an outcome could be attributed to a ‘‘diagnostic error’’,
then a ‘‘management error’’, and so on. The reviewers used a
six-point ordinal scale to rate their opinion: 1, outcome
definitely not attributable to cause; 2, Outcome probably not
attributable to cause; 3, outcome more than likely not
attributable to cause; 4, outcome more than likely attributable
to cause; 5, outcome probably attributable to cause; 6, outcome
definitely attributable to cause. We derived this scale from
previous research.2–5 11 12

Adverse outcomes were classified as adverse events if both
physicians stated: the patient had an adverse outcome and one
of the potential causes was rated at least a 4 (‘‘outcome more
than likely attributable to cause’’). Disagreement regarding the
cause of adverse outcomes was resolved by consensus.

Adverse events were classified by their cause. Diagnostic
errors, management errors, unsafe disposition decisions or
inadequate follow-up were classified as preventable. Adverse
events due to medication side-effects and procedural complica-
tions were considered non-preventable. If the reviewers identified
more than one cause for the adverse event, we chose the
classification which contributed most to the outcome. For
example, one patient developed an allergic reaction to a
medication after the patient was discharged home, despite
previously having a known allergy to the medication prescribed.
The final rating for this adverse event was ‘‘management
error’’, while the initial rating also included ‘‘medication side-
effect’’.

Sample size determination and statistical analysis
We wanted sufficient statistical power to determine the
incidence of post ED visit adverse events with a 95% confidence
interval (CI) range of 6%. We estimated the incidence of
adverse events to be 10% based on previous research on the
incidence of adverse events in medicine patients following

Figure 1 Physician rating for potential
adverse outcome aetiology.
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hospital discharge and because ED patients are generally
healthier.11 To achieve our desired statistical power, we needed
to evaluate at least 384 patients.

We describe our population using the median and inter-
quartile range for continuous variables and frequency distribu-
tions for categorical variables. For adverse events and
preventable adverse events, we describe proportion of patients
affected. For proportions, we calculated 95% CIs using the
Wilson score method.15 Finally, we performed tests to deter-
mine whether patient characteristics were associated with
occurrence of preventable adverse events at the univariate level.
For continuous variables, we used the Wilcoxon rank sum test;
and for categorical variables, we used a x2 test. As no variable

was significantly associated with preventable adverse events,
we did not assess multivariate models.

RESULTS
While we were conducting the study, a total of 8578 patients
were discharged directly from the ED. 2288 of these patients
were sent home during the hours we were in the ED enrolling
patients. Of these, we enrolled 408 patients to participate in the
study. Patients in our cohort were likely sicker than those in the
entire population. Compared to patients in the entire popula-
tion, those enrolled in our cohort were older (median age 45
years v 49 years, respectively), had a longer ED length of stay
(median length of stay 3 hours v 4 hours, respectively), and
were less likely to be cared for as ambulatory patients
(proportion treated without requiring a bed 67% v 27%,
respectively). Table 1 describes the study population in detail.
We obtained complete follow-up information for 399 of 408
patients (response rate, 98%).

Fifty three patients had adverse outcomes during follow-up
(table 2). Adverse outcome severity for these patients included
new symptoms for 18, returning to the ED for 19, getting
admitted to hospital for 15, and death for one. For 24 of these
patients, the adverse outcome was judged to be due to
treatment. Therefore, adverse events occurred in 6% (95% CI
4% to 9%) of all study patients. Nine adverse events resulted in
symptoms only, five adverse events resulted in a return visit to
the ED, and 10 adverse events resulted in a hospitalisation. No
patient died as a result of an adverse event.

Seventeen of the 24 adverse events were preventable (71% of
adverse events, 4% of all study patients (95% CI 3% to 7%)) (see
fig 2 and Appendix). Of preventable adverse events, errors in
management were identified in seven cases (29%); diagnostic
errors occurred in six cases (25%); inadequate follow-up
planning in three cases (13%); and an unsafe disposition
decision was made in one case (4%). Fourteen of 17 adverse
events in which an error was implicated led to additional health
services use.

Preventable adverse events were not associated with any
demographic or baseline factors. However, there was a trend
towards patients with a preventable adverse event being older
(median 60 v 47 years; Wilcoxon rank sum test p value 0.06)
(table 3). Although there were small numbers of events, there
also appeared to be a weak trend of increased preventable
adverse event risk with CTAS levels and treatment location. The
rates within CTAS scores were Non-urgent, 0%; Less Urgent,
4%; Urgent, 4%; Emergent, 5%; Resuscitation, 13% (p.0.2,
Fisher test). The risk of preventable adverse event within
specific areas of the ED was: Cubicles, 2%; Observation, 5%;
Resuscitation, 6% (p.0.2, Fisher test). Five of the 17
preventable adverse events (29%) occurred in patients with a
diagnosis of chest pain. The risk in patients with ‘‘chest pain’’
was 6% (95% CI 3% to 14%) which is similar to the entire
population’s risk. However, no other category of presenting
complaint accounted for more than one preventable adverse
event.

Seven adverse events were not considered preventable. They
were of relatively minor consequences and were largely
unavoidable. Five adverse events were medication side effects.
These were predictable manifestations of particular drug
class—for example, drowsiness following the use of prochlor-
perazine or constipation following the use of narcotic analgesia.
Two adverse events were procedural complications. One was a
post-lumbar puncture headache and the other was a complica-
tion of a peripheral intravenous line insertion.

Figure 3 illustrates the timing of adverse events in relation-
ship to the ED visit and the follow-up telephone call. More than
80% of adverse events occurred in the first 10 days following

Table 1 Characteristics of emergency department (ED)
patients included in the ED aftercare study

Characteristic

n 399
Median age, years (IQR) 49 (36–68)
Gender (male) 201 (50%)
CTAS

Non-urgent 10 (3%)
Less urgent 51 (13%)
Urgent 249 (63%)
Emergent 81 (20%)
Resuscitation 7 (2%)

ED care area*
Cubicles 108 (27%)
Observation 147 (37%)
Resuscitation 144 (36%)

Median ED length of stay (hours:minutes) (IQR) 4:10 (2:51–6:10)
Acute diagnosis (top five)

Chest pain 74 (19%)
Bone and joint disorders� 55 (14%)
Genitorurinary (infection/stones/other) 28 (7%)
Atrial fibrillation 18 (4%)
Abdominal pain (cause unspecified) 17 (4%)

Number of chronic illnesses
0 151 (38%)
1 129 (32%)
2 73 (8%)
3 33 (2%)
>4 13 (3%)

Chronic diagnoses (top five)
Hypertension 70 (16%)
Coronary artery disease 65 (14%)
COPD/asthma 52 (12%)
Diabetes mellitus 38 (8%)
Atrial fibrillation 22 (5%)

CTAS, Canadian Triage and Acuity Score.
*The ED care area refers to the location within the ED from where the patient
was discharged. Patients in the cubicles, observation and resuscitation areas
are cared for in no bed, a bed and a monitored bed, respectively.
�Bone and joint disorders: refers to traumatic and non-traumatic conditions.

Table 2 The number of patients experiencing adverse
outcomes, adverse events and adverse events due to errors

Outcome description

Number of patients (%)*

Adverse
outcomes�

All adverse
events`

Preventable
adverse events

All outcomes 53 (13) 24 (6) 17 (4)
Symptoms only 18 (5) 9 (2) 3 (1)
Emergency department visit 19 (5) 5 (1) 4 (1)
Hospitalisation 15 (4) 10 (3) 10 (3)
Death 1 (0.3) 0 (0) 0 (0)

*Denominator = 399.
�Adverse outcomes were the development of new or worsening symptoms, a
repeat emergency department visit, a hospitalisation, or death.
`An adverse event is an adverse outcome judged to be caused by medical
management.
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Management error:
    Patient with severe dehydration due to high output from colostomy. Treated with insufficient IV fluids and cause of problem not addressed.
Sent home from the ED with no follow up. Readmitted with acute renal failure.

Diagnostic error:
    Patient with severe left ventricular dysfunction presents to the ED with non-specific complaints and hypotension (blood pressure 85/50 
mm Hg). The patient was recently hospitalized for pleural effusions, which were treated by therapeutic thoracentesis. 
MD assessment during index visit did not identify prior thoracenteses. MD exam identified decreased air entry at the right lower lung field. 
MD did not order a chest xray. Patient diagnosed with "Constipation not yet diagnosed". Treated with fleet enema and sent home. 
Patient admitted to hospital 7 days later for empyema of the right lung requiring chest tube drainage.
Pleural fluid grew multiple organisms.

Failure to arrange adequate follow-up:
    Elderly patient presenting to the ED with abdominal distension and an inability to eat or drink.
Exam demonstrated abdominal distension and tenderness. US revealed ascites and no masses.
Patient diagnosed with "free fluid in the abdomen". The patient was treated with a fleet enema and discharged home. The ED physician 
suggested to the patient to get the family doctor to arrange outpatient CT scan but made no assistance to facilitate this. Patient returned to 
the ED seven days later with ongoing abdominal distension and pain. Still having difficulty eating and drinking. Again, a fleet enema and
soap suds enemas was prescribed and had little effect. Sent home again with no follow up organized. Patient returned to the ED a third
time 4 days later. The patient underwent a CT abdomen which revealed peritoneal carcinomatosis. The patient is admitted to hospital.

Unsafe disposition decision:
    Patient seen in ED for chest pain. The chest pain was occurring in a crescendo pattern. The ED physician diagnosed "unstable angina" 
and referred to Cardiology. The cardiologist agreed that pain was cardiac but disagreed that the patient was unstable. They rated the 
patient as having "low risk angina" and discharged the patient. The patient was emergently admitted to hospital two weeks later with 
unstable angina. She was placed on intravenous nitroglycerine and had an urgent catheterization. This revealed triple vessel disease and
she required urgent CABG surgery.

Medication side effect:
    Patient with COPD sent home on ventolin. Patient developed palpitations and tachycardia following repeated use of medication. Patient
saw her family doctor who told her to decrease her ventolin. Her palpitations resolved.

Procedural injury:
    Patient developed a severe headache following a lumbar puncture

Figure 2 Examples of adverse events occurring following an emergency department visit.

Table 3 Factors associated with preventable adverse events in patients discharged from the
emergency department

Characteristic Preventable AE No preventable AE p Value

n 17 382
Median age, years (IQR) 60 (49–72) 48 (35–67) 0.06
Gender (male) 8 (47%) 193 (51%) 0.80
CTAS 0.60

Non-urgent 0 (0%) 10 (3%)
Less urgent 2 (12%) 49 (13%)
Urgent 10 (59%) 239 (63%)
Emergent 4 (24%) 77 (20%)
Resuscitation 1 (6%) 7 (2%)

ED care area* 0.29
Cubicles 2 (12%) 106 (28%)
Observation 7 (41%) 140 (37%)
Resuscitation 8 (48%) 136 (36%)

Median ED length of stay (hours:minutes)
(IQR)

4:44 (3:16–6:44) 4:09 (2:51–6:06) 0.36

Acute diagnosis (top five)
Chest pain 5 (29%) 69 (18%)
Bone and joint disorders 1 (6%) 54 (14%)
Genitourinary (infection/stones/other) 1 (6%) 27 (7%)
Atrial fibrillation 1 (6%) 17 (4%)
Abdominal pain (cause unspecified) 1 (6%) 16 (4%)

Number of chronic illnesses 0.82
0 5 (29%) 146 (38%)
1 8 (47%) 121 (32%)
2 3 (18%) 70 (18%)
3 1 (6%) 32 (8%)
>4 0 (0%) 13 (3%)

AE, adverse event; CTAS, Canadian Triage and Acuity Score.
*The location within the emergency department from where the patient was discharged. Patients in the cubicles,
observation and resuscitation areas are cared for in no bed, a bed and a monitored bed, respectively.
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hospital discharge while 80% of calls were completed after this
date.

Adverse event ratings by the two reviewers were only
moderately reliable (k= 0.53, p,0.05). On initial ratings, there
was complete agreement on 12 adverse events. Initially, there
was disagreement on 19 other outcomes, 12 of which were
rated as adverse events following discussion of the case.

DISCUSSION
This is the first study to prospectively evaluate adverse events in
a diverse cohort of patients discharged from the ED.
Approximately one in 20 patients had an adverse event. The
adverse events we detected arose for a number of reasons.
Common problems included errors in management or diag-
nosis, and unsafe disposition decisions. Less common causes
were adverse drug events and procedural complications. A high
proportion of adverse events led to subsequent ED visits or
hospitalisations.

It is important to point out that we did not focus exclusively
on the actions or decisions by the ED physician. Instead, we
considered the functioning of the entire healthcare system.
Thus, if arrangements for follow-up were not carried through
then this was rated an error, even though the staff in the ED did
everything possible at the time of the patient encounter. We
took this holistic approach because we felt that the nature of
ED care might predispose patients to system problems arising
from fragmented care, a poor communication infrastructure,
and patient-related issues (such as non-compliance and a high
risk socioeconomic group).

Other studies with similar methods evaluated medical
patients following hospital discharge. These studies found the
risk of adverse event to be 19%11 and 23%.12 In addition to a
higher adverse event risk, post hospitalisation adverse events
were less commonly preventable. This is likely because there is
more time to observe the patient and establish an appropriate
treatment plan when they are in the hospital compared to
during an ED encounter.

Other studies have evaluated diagnostic and therapeutic
errors in the ED. One previous study retrospectively evaluated
closed malpractice claims against ED physicians.16 This study
found that several diagnoses, including chest pain, abdominal
pain and fractures, had a high risk of resulting in malpractice
claims. Our data confirm that misdiagnosing chest pain
patients is a major contributor to ED-related adverse events.

Our study has an important limitation. We enrolled only
17.5% of patients visiting the ED during recruiting hours. We
had to rely on the physicians and nurses to identify patients
potentially eligible for the study. While our sampling method
could bias our results, we are unsure of the direction. It is
important to note that we found no patient factor to be
associated with adverse event occurrence. However, given that
patients in our cohort were older, remained in the ED longer,
and were more likely to be treated in beds, they may have been
more complex and perhaps at higher risk. Alternatively,
physicians and nurses may have purposefully identified low
risk patients because of a possible tendency for staff to attempt
to protect their professional reputation. Because of this
limitation—and the fact that we performed the study in a
single centre only—we are cautious about making extrapola-
tions about the rates of adverse events in this ED or in EDs
across our health system. However, irrespective of the direction
of the bias, the qualitative descriptions of the adverse events
affecting ED patients are useful in demonstrating the different
types of adverse events effecting ED patients.

Two other limitations were the duration of follow-up and the
timing of patient recruitment. Because we studied the patients
on average at 15 days following their visit, we likely missed
adverse events occurring later. Although most adverse events
occurred within the first 10 days following the ED visit, an
important fraction of them occurred later (fig 3). Also, we
recruited patients who were sent home during the day. During
this time more expertise is routinely available, so one might
expect there to be a lower risk of adverse events during this
time. Furthermore, certain patient types, such as those involved
in assault or alcohol related cases, may be seen outside of office
hours. As these patients may not be as compliant with follow-
up, they may be at higher risk of post-visit adverse events. Thus,
these limitations may have led us to underestimate adverse
event risk.

In summary, from these preliminary data, adverse events
following an ED visit appear to be less frequent but more
preventable than adverse events in other settings. The greater
propensity for errors to affect ED patients might result from the
high patient acuity, a relative lack of historical patient
information, and an overcrowded, stressful work environ-
ment.8–10 17 18 One potential strategy for improving care in this
setting may be to standardise the management of common
conditions frequently associated with adverse events—for
example, through the adoption of care pathways.19–21 These
pathways could involve triage decisions or could be embedded
in electronic patient records for example. Alternatively, they
could involve the automatic involvement of senior ED staff if
certain patient characteristics exist. Before investing in such
interventions, we recommend larger multicentre studies in
order to confirm a similar risk of adverse events in other EDs.
However, even if such studies find a smaller proportion of
patients affected by adverse events, the high volume of ED
cases implies large absolute numbers of patients affected and
mandates urgent attention to this issue.
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A
n increasing number of nurses in Sweden are on long term sick leave, which in the
end may result in them leaving nursing and/or the labour market as a whole. A study
in Swedish county hospitals has found that nurses who were more likely to leave the

profession had musculoskeletal problems of the neck/shoulder or knees or had had limited
access to lifting devices to move patients.

The study was based on data from 1711 nursing personnel employed in county hospitals
in Sweden in 1992–5. A follow up questionnaire was sent to 1507 of the participants in
January 2003. The final response rate was 73%. The follow up found that a total of 287
(26%) were no longer employed in nursing care. Among these, nurses who had reported
musculoskeletal problems of the neck/shoulder or knees were more likely to have left than
those without the problems. Limited use of lifting devices was also related to a higher risk of
leaving, whereas heavy patient transfer on one’s own did not prove to be significant.

Men had a higher probability of leaving than women, as did personnel with fewer years
in nursing care. Less qualified assistant nurses who are more often exposed to physical
workload with a consequent prevalence of musculoskeletal problems are also more likely to
quit the profession.

Ergonomic interventions decreasing physical workload can help retain nurses. The
authors argue that such interventions should focus on both the individual nurse and the
organisation.

m Fochsen G, et al. Occup Environ Med 2006;63:198–201
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